ABSTRACT: Qualea grandiflora Mart. (Vochysiaceae), commonly known as "pau-terra", is an arborous species native to the Brazilian savannah which possess commercial interests, as it can be used either as an ornamental or as a medicinal plant. "Pau-terra" can also be used in the heterogeneous reforestation of areas which are destined for restoration of permanent preservation degraded areas. Propagation studies with this species are scarce, being necessary then further clarification regarding the factors that influences the germination process. In this context, the objective of this work was to evaluate the influence of different temperatures, substrates and light conditions on seed germination. We selected light brown seeds which were subjected to different interactions between temperatures (15-25, 20-30, 25 and 30°C), substrate (paper, sand and vermiculite) and light (light and dark). All seeds were later dryincubated at 32°C for 3, 6 and 12 hours. After treatments, seeds were kept in BOD at 58% RH and the following parameters were calculated: germination (%G) and germination speed index (GSI); the formation of normal and abnormal seedlings and the number dead seeds. Interaction was observed for all variables. In the optimum temperature range, the seeds behaved as photoblastic neutral or indifferent. Under alternating temperatures, darkness enhanced the germination, especially when combined with the lower temperatures. We noted that the sowing in sand, at 25°C, allowed the maintenance of suitable combinations of germination and seedling development. With respect to desiccation tolerance, "pau-terra" seeds presented an orthodox behavior, with a linear increase of the vigor as function of drying.
INTRODUCTION
Qualea grandiflora Mart. (Vochysiaceae) is popularly known as "pau-terra", "pau-terra-do-campo", "pau-terra-do-cerrado", "pau-terra-da-folha-larga", "ariavá", among others (CORRÊA, 1978) . It is an arborous species native to the Brazilian savannah, which occurs in the gallery forests and in the savannah, widely distributed
Dousseau, S. et al.
from the Legal Amazon to São Paulo, Minas Gerais, Goias and Mato Grosso, being usually found on high, dry and well drained terrains (ALMEIDA et al., 1998; LORENZI, 2000) . This species possess commercial interests, as it can be used either as an ornamental or as a medicinal plant, as well as a timber source and for environmental purposes.
It is a heliophytic and selective xerophytic, being pioneer species adapted to poor lands, which enables it to be exploited in heterogeneous reforestation of areas which are destined for restoration of permanent preservation degraded areas (LORENZI, 2000) . It is honey and by cooking its green fruits, a dye can be extracted (ALMEIDA et al., 1998) . The crude extract of its bark is antibacterial (ALVES et al., 2000) and the hydroalcoholic extract of the bark has antiulcer action (HIRUMA-LIMA et al., 2006) . The hydroalcoholic extract of its leaves is an analgesic with anticonvulsant potential (GASPI et al., 2006) . The ethanol extract of the leaves also possess antioxidant (SOUSA et al., 2007) and antibacterial effects (AYRES et al., 2008) .
Silvicultural knowledgement of that specie are scarce, most of which is summarized by Felippe (1990) e Melo et al. (1979) . Both suggested the occurrence of seed dormancy, which was overcome with the complete withdrawal of the integument or by keeping the seeds in a storage cloth-bag at room temperature for a period of 6 months.
Seed germination may be defined as a sequence of physiological events that occur before radicle protrusion in non-dormant soaked seeds, being the step that involves the establishment of seedlings, called the post-germination event. The physiological state of the seeds differs considerably in the germination and post-germination processes in terms of gene expression profiles and desiccation tolerance (NONOGAKI, 2006) . It is therefore possible that besides the differences in the germination and post-germination metabolism, that the responses to environmental conditions might also be different.
The germination process is regulated by many environmental factors such as moisture, oxygen, temperature, light and nutrients (SEO et al., 2009) . Temperature, light of photoblastic positive seeds, and water are the most important environmental factors that promote seed germination (SOCOLOWSKI et al., 2008) . The seeds of photoblastic positive behavior are dependent of the action of phytochromes, for its turn, changes according variation of temperature (FRANKLIN, 2009; HESCHEL et al., 2007; SIMÃO et al., 2007) . The phytochromes modulate the endogenous levels of gibberellin (GA) and abscisic acid (ABA) and also the responsiveness to GA (SEO et al., 2009) . The temperature influences the growth potential of the embryo as well and hormonal levels, especially ABA and GA (NONOGAKI, 2006; PENFIELD, 2008; TOH et al., 2008; YAMAGUCHI, 2008) so, there is a relationship between light intensity and temperature (SEO et al., 2009) .
The substrate is a complex factor that influences, in a variety of ways, the germination and post-germination processes. While choosing the material for the substrate, one should take into consideration then, the size of the diaspores and its requirements in relation to moisture and light; especially considering density, water absorbency and retention, aeration, absence of pathogens and toxic substances. The ideal substrate should also provide some sort of ease for seedling evaluation.
The seeds water content is another factor that decisively influences the germination process and longevity. With respect to drying tolerance, seeds the are classified physiologicaly into tree groups, the orthodox, intermediate and recalcitrant. The orthodox seeds have a strong desiccation at the end of ripening on the mother plant and are able to maintain its germination potential for long periods of storage in dry state. On the other hand, intermediate and recalcitrant seeds have high water content at maturity, are intolerant to desiccation and begin its germination immediately after the ripening stage, without passing through the phases of drying and metabolic quiescence. Several studies have been undertaken to elucidate the possible need or sensitivity of the seeds to the desiccation process, being of great importance to quantify this behavior (ANGELOVICI et al., 2010; FISHER, 2008; MASETTO et al., 2008) .
Therefore, due to the increasable demand for propagation methods of medicinal species of the Brazilian savannah (DOUSSEAU et al., 2007; ZAIDAN; CARREIRA, 2008) , there is an urgent need of further elucidation of the factors that influences the germination of these species, including "pau-terra". The objective of this work was to evaluate the influence of different temperatures, substrates, light intensity and desiccation on germination of "pauterra" seeds.
MATERIAL AND METHODS
The experiments were conducted at the Laboratory of Plant Growth and Development, a sector of Plant Physiology, Department of Biology, Federal University of Lavras, MG, Brazil. The fruits of pau-terra were collected from 10 selected mother trees in a natural population located in the municipality of Ijaci (MG), from August 2007 to October 2009. The fruits were collected immediately before the beginning of dehiscence; i.e. when they exhibited a small opening at the distal portion to the petiole; and left on a concrete yard during the day and collected at night for three consecutive days to allow the seeds release. The seeds were selected and only those that had a light brown integument were used for all experiments (FELIPPE, 1990) . The winged expansion of the seeds was removed manually, either for the biochemical analysis or for the physiological assessments. The moisture content was determined according prescriptions of Brasil (2009) .
To evaluate the interaction between light intensity, temperature and substrate on seed germination and postgermination were tested differents substrates (Germtest ® paper and sand in acrylic gerboxes and Germtest ® paper roll) combined with periods of exposure the light (12 h photoperiod and dark) and temperatures (15-25, 20-30, 25 and 30°C). The dark condition was achieved by engaging the gerboxes in aluminum foil and black polyethylene bags, being the germinating behavior evaluated under green light.
The test was conduced in (B.O.D.) chamber, with approximately 58% RH. The evaluations were performed daily for a period of 22 days, using as techological criteria a 0.9 cm protrusion, being 0.5 cm of primary root and of 0.4 of hypocotyls; and post-germination, normal seedlings (FERREIRA et al., 2001) , as depicted in Figure 1 . From these data we determined the germination (%G) and germination vigour by speed index (GSI) calculated according to Maguire (1962) . At 40 days after sowing, we evaluated the overall percentage of normal seedlings (%NS) and abnormal (%AS). We used a completely randomized 3x2x4 factorial scheme with four replications of 25 seeds per treatment. Statistical analysis was performed by using the statistical program SISVAR (FERREIRA, 1999) . The data did not suffer any kind of transformation. We performed an analysis of variance and means were compared by the Tukey test (p 0.05).
To evaluate the desiccation tolerance, seeds were dried in an oven at 32°C for 3, 6 and 12 hours. After each drying period, it was determined the moisture content; and the physiological quality of the seeds was evaluated by means of the emergency. The seeds were disinfected with 1% Cercobin for 5 minutes, sown in gerboxes in substratum autoclaved sand and kept at 25°C and 12h photoperiod (ideal conditions for germination and normal seedling formation identified in the previous experiment). The criteria used for germination was 0.9 cm protrusion, being 0.5 cm of primary root and of 0.4 of hypocotyls. The germination was evaluated for 22 days and determined the germination (%G) and germination vigour by speed index (GSI) calculated according to Maguire (1962) . At 40 days after sowing, we evaluated the overall percentage of normal seedlings (%NS) and abnormal (%AS).
The experiment was conducted in completely randomized design with four replications of 25 seeds per treatment. We also performed an analysis of variance and the means were compared by polynomial regression (p 0.05), using the statistical program Sisvar (FERREIRA, 1999) .
RESULTS AND DISCUSSION
The Table 1 represent a summary of the analysis of variance (ANOVA) for seed germination characteristics. For the %G double interaction was observed between the studied factors, while for the GSI, %NS and %AS triple interaction was significant.
Temperatures of 25°C and 30°C provided the highest values of %G and GSI, regardless of the presence or absence of light (Table 2 and 3 ). In the range of optimum temperature, the seeds behaved as photoblastic neutral or indifferent.
However, alternating temperatures, even though it has not favored the germination process, as it caused a Regarding the interaction of light with the substrate, we found that seeds that germinated on paper were indifferent to light, while darkness seems to have favored the root protrusion in seeds germinated on sand (Table 2 and 4). In the roll, only the %G differed in response to light, being also higher in the dark conditions. Both in light and in darkness, the highest values of %G and GSI were observed in seeds germinated on paper and on the roll, which did not differ, while that on sand the numbers were lower when compared to the other substrates.

According to the RAS (BRASIL, 2009), on paper (OP) is recommended for small and light sensitive seeds, while that between paper roll (BPR) for large seeds, which prefer moist environments and are not sensitive to light. On the other hand, the sand is a substrate used alternatively to confirm the seedling evaluation in case of doubt, when phytotoxic symptoms appear or when the evaluation of a sample is impractical due to excess of infection (BRASIL, 2009) .
Regarding the interaction between substrate and temperature, it can be seen that for %G, only in alternating temperatures response to the substrates differed, with lower values on sand (Table 4) .
In this substrate, the %G and the GSI were higher at constant temperatures and lower in the alternating (Table 4 and 3). For seeds germinated on paper there were no differences for %G, regarding the thermal regimes (Table 4) , however, to GSI (Table 3) , the behavior was the same as that we found on the sand, i.e. higher values at constant temperatures and lower in the alternate. Unlike other substrates, for seeds germinated on the roll, the %G was higher above 30°C and 20-30°C and lower below 15-25°C; dark, the values were higher at 30°C and 15-25°C and lower at 25°C and 20-30°C. Darkness favored the development of abnormal seedlings at 25°C and decreased the rate of abnormal seedlings at 30°C, while in alternating temperatures; there was no difference (Table 3 ). In the light, the greater percentage of abnormal seedlings was observed at 30°C, followed by the other temperatures, which did not differ. On the other hand, in the dark, the highest percentage occurred at 25°C followed by 30°C and 20-30°C and lowest at 15-25°C.
Regarding the interaction of light with the substrate, it can be seen that on sand the higher percentage of normal seedlings occurred in the light, while that on roll was in the dark (Table 3) . On paper did not differ in response to light. In light, the highest percentage of normal seedlings was obtained for on sand and lower for on roll. However, paper does not differ from other substrates. On the other hand, in the dark, the values were higher for on sand, followed by on paper and by on roll (Table 3) . We observed the appearance of abnormal seedlings, with malformation, in function of the type of substrate used (Table 3) . Both on paper and on roll occurred intense formation of abnormal seedlings. In the dark, the highest percentage of abnormal seedlings was obtained on the roll, followed by on paper and on sand. In light, the highest values were obtained when we tested the seedling grown on roll and on paper, which did not differ. In the treatment on sand, practically no formation of abnormal seedlings was observed, independent of the luminosity.
That for root protrusion, most normal seedling occurred on sand, at constant temperatures and lower in the alternating (Table 3) . On paper, the values were higher at 15-25°C and lower at 30°C, while the other temperatures, promoted intermediate values. On roll the percentage of normal seedlings showed the same pattern as that observed for germination, i.e. higher at 30°C and 20-30°C and lower at 15-25°C; however, at 25°C the values did not differ from other thermal regimes.
For normal seedlings, we observed that its formation on the sand was the lowest (Table 3) . In alternating temperatures, the values of abnormal seedlings were higher on the roll, followed by on paper and on sand (Table 3) . At 25°C, the percentage was higher on the roll and on paper, which did not differ. At 30°C, the percentage was higher on paper, followed by on the roll. On sand, the percentage of abnormal seedlings was lower on alternating temperatures in relation to the constant temperatures. On (Table 4 ). The GSI of the seeds on this substrate was higher at 30°C, followed by those at 25°C and 20-30°C that did not differ among them, and lower at 15-25°C (Table 3) . Several other studies also reveal the interaction between substrate and temperature, with very distinct results between species (MARTINS et al., 2008; NOVEMBRE et al., 2007; PACHECO et al., 2006; SOUZA et al., 2007) . For the root protrusion, it can be concluded that the best vigor expression is found when seeds germinate at 25 and 30°C, on paper or on roll, in both lighting conditions. In the post-germination process, as well as in the germination, we also observed a significant interaction for all factors studied (Table 3) , however, with different response between the two processes. With regards to the relationship of the interaction for the percentage of normal seedlings, we found that the development of norma l seedl ings was affect ed differently in relation to temperature, light and substrate (Table 3) .
At 25°C the percentage of normal seedlings was higher in light conditions, whereas at 15-25°C was higher in dark conditions (Table 3) . As for the germination under heat stress, the dark favored the development of normal seedlings. On the other hand, at 30°C and 20-30°C, there was no influence of light. The temperature of 25°C under light conditions provided the highest values, followed by 30°C and 20-30°C, with lower values at 15-25°C. In the paper, the highest percentage was observed at 30°C and lowest at 15-25°C, while the other temperatures, promoted intermediate values. On the roll the percentage was higher at 30°C and 20-30°C and lower at 15-25°C, however, at 25°C values did not differ from other thermal regimes. At sowing on paper, there was a higher occurrence of necrosis of main root, which often appear truncated and thicker, with thick hypocotyls with few secondary roots, being this effect intensified by the higher temperature (30°C) and by presence of light, probably due to root dryness due to exposure to air. On roll, the effect was probably due to high humidity of this system, making seedlings abnormal with a higher proportion of necrosis of the main root, being that only at 15-25°C, we observed a higher amount of truncated roots. It can be concluded then, that for normal seedling, the most favorable condition is the one that uses sand and that maintains temperature constant at 25°C.
The moisture content was higher in seeds recently benefited (12%) and lowered with drying, with values between 2 and 3%, which did not differ (Figure 2 ). It was observed that %G did not differed between the drying periods, with values varying between 90 and 100% and and all developed into normal seedlings. Regarding the GSI, there was a linear increase in the vigor as seed desiccation proceeded.
In recalcitrant seeds, a diverse range of damages is observed with drying (FARIA et al., 2004; MASETTO et al., 2008) , while in orthodox seeds various mechanisms are activated to prevent such harms (ANGELOVICI et al., 2010; FISHER, 2008) . In orthodox seeds, drying acts as a signal for the passage of the state of development to germination (ANGELOVICI et al., 2010; CATUSSE et al., 2008) . With the results of our experiment, we can conclude that the "pauterra" seeds exhibit orthodox behavior in relation to desiccation. 
